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Anthropogenic 
Inﬂ  uence on 
Prevalence of 
2 Amphibian 
Pathogens
To the Editor: Although the re-
lationship between the emergence of 
zoonotic diseases and human inﬂ  u-
enced landscapes is accepted (1–3), 
the relationship between human-in-
ﬂ  uenced landscapes and wildlife dis-
ease is less so. Evidence does support 
correlations between human activities 
and environmental conditions affect-
ing wildlife disease emergence (2,3). 
These studies assume relationships 
between component(s) of human hab-
itat modiﬁ  cation and the virulence of 
disease, and derive estimates of viru-
lence from counts of the visibly dis-
eased or those that have seroconverted 
(3). This explains only part of the host 
and pathogen dynamic; it seems rea-
sonable to extend the relationship to 
include prevalence of infection. Data 
supporting this extension are lacking. 
Here we present data from a study 
examining the correlations between 
human inﬂ   uences on habitat and 
prevalence of 2 amphibian pathogens 
(Batrachochytrium dendrobatidis and 
ranavirus FV3) in populations of Rana 
clamitans in central and northeastern 
Ontario, Canada.
We sampled an average of 25 ani-
mals (standard deviation ± 6.16) from 
11 populations during summer 2005. 
We washed equipment in bleach and 
air-dried equipment between visits 
and sites. All animals were kept in-
dividually to avoid cross-contamina-
tion, euthanized with MS22, and as-
sessed for infection using molecular 
diagnostics. We tested for ranavirus 
infection of livers by amplifying the 
major capsid protein using standard 
PCR (4). We tested for infection with 
B. dendrobatidis by using a quantita-
tive real-time PCR (5). Prevalence for 
each pathogen was estimated as the 
proportion of animals testing positive 
at a pond.
Site coordinates were determined 
by using global positioning satellite 
(GPS), and 4 quantitative measures of 
human habitat modiﬁ  cation were also 
assessed. GPS coordinates were used 
to map sites and to measure distance 
to the nearest road, industrial activity 
(agriculture, mine, paper mill), and 
human habitation; all measurements 
were in meters. We further assigned 
a qualitative measure of human inﬂ  u-
ence on each breeding pond by as-
signing ponds to each of the following 
categories: 1) human presence without 
human habitat modiﬁ  cation or exten-
sive disturbance; 2) recreational ac-
tivities (ﬁ  shing, boating); 3) property 
development (housing or commercial 
buildings); 4) agricultural activity; 
and 5) industrial activity. Each of the 
5 categories was assigned a 0/1 score; 
scores for each pond were summed 
1–5 (by deﬁ   nition no site scored 0 
due to sampling strategy) to derive 
the ﬁ  nal measure of human inﬂ  uence. 
We modeled the relationship between 
prevalence and human habitat modiﬁ  -
cation or inﬂ  uence using general linear 
models (GLM) with prevalence as the 
dependent variable and with all human 
inﬂ  uence variables log-transformed to 
meet assumptions of normality. A type 
III model structure was used to ac-
count for the inﬂ  uence of all explana-
tory variables in each analysis. 
Eight ponds exhibited signs of FV3 
infection (range 0%–63% prevalence); 
6 ponds contained frogs infected with 
the amphibian chytrid (range 0%–36% 
prevalence). GLM did not show any 
relationship between the prevalence of 
chytrid infection and all of our explana-
tory variables (Table). In contrast, 3 of 
our explanatory variables had a signiﬁ  -
cant inﬂ  uence of ranavirus prevalence. 
Distance to industrial activity (p<0.05), 
to human habitation (p<0.05), and de-
gree of human inﬂ  uence (p<0.01) all 
had a signiﬁ  cant effect on the depen-
dent variable (Table).
The disparity between results for 
the 2 pathogens generates several pos-
sible hypotheses. First, proximity to 
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Table. General linear models for the relationships of amphibian emerging infectious disease prevalence and anthropogenic variables
Ranavirus Batrachochytrium dendrobatidis
Data point 
Degrees of 
freedom Mean squares  F value  Mean squares  F value 
Intercept 1 0.06 8.47 (p<0.05)  0.05 4.61 (p<0.1) 
Human disturbance  1 0.24 35.35 (p<0.01)  0.0009 0.08
Distance to road  1 0.03 4.11 (p<0.1)  0.03 2.82
Distance to industry  1 0.06 8.82 (p<0.05)  0.07 5.89 (p<0.1) 
Distance to housing  1 0.06 8.08 (p<0.05)  0.06 4.87 (p<0.1) 
Error 5 0.01 0.01LETTERS
human activities may correlate with 
the probability of pathogen introduc-
tion through introduced species (6), 
fomites, or other sources of infectious 
particles, with the likelihood of in-
troduction higher for ranavirus. Cer-
tainly, both pathogens are presumed to 
be vectored in association with human 
activities (7,8), but B. dendrobatidis 
exhibits a greater host and geographic 
range and thus should exhibit greater 
prevalence if humans were mediating 
introduction across the range of our 
study. Second, human activities such 
as construction and industry, may di-
rectly or indirectly inﬂ  uence the basic 
reproductive number, R0, of ranavirus 
to a greater extent than for that of B. 
dendrobatidis. Although ranavirus 
does exhibit optimal environmental 
ranges for replication and infection, 
the virulence of B. dendrobatidis can 
be directly inﬂ  uenced by the environ-
ment (2). Furthermore, infection by B. 
dendrobatidis occurs through a free-
living stage; ranavirus is more likely 
transmitted through direct contact, 
which suggests that B. dendrobatidis 
would be more sensitive to environ-
mental factors. Last, human activities 
may inﬂ  uence host ability to mediate 
immune responses that have the capa-
bility to prevent infection. Evidence 
exists that amphibian host responses 
to ranavirus are predominantly ac-
quired (9); those for B. dendrobatidis 
may be more innate and less prone 
to environmental manipulation (10). 
Although the observed correlation 
should be further tested and the distur-
bance index should be reﬁ  ned, we be-
lieve our observed pattern may reﬂ  ect 
the inﬂ  uence of human activities and 
habitat modiﬁ   cation in the dispersal 
of infectious diseases. With increas-
ing evidence pointing towards the 
role of emerging infectious diseases in 
the decline of amphibian populations, 
management plans should therefore 
account for the indirect effects related 
to human activities. 
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Avian Inﬂ  uenza 
Virus (H5N1) 
Mortality 
Surveillance 
To the Editor: The highly patho-
genic strain of avian inﬂ  uenza  virus 
subtype H5N1 presents a major chal-
lenge to global public health systems. 
Currently, inﬂ  uenza (H5N1) infection 
is a zoonosis with a 60% case-fatality 
rate for affected persons over 3 conti-
nents; the virus could mutate to become 
directly transmissible among humans 
(1). This potential for pandemic trans-
mission must be reduced through early 
detection of transmission foci, followed 
by rapid implementation of control 
measures (2). In the following analysis, 
we demonstrate that single carcasses 
of birds, mostly found by members of 
the public, were the primary indica-
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